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igarette Smoking and Military Deployment
Prospective Evaluation

esa Smith, MPH, PhD, Margaret A.K. Ryan, MD, MPH, Deborah L. Wingard, PhD, Thomas L. Patterson, PhD,
onald J. Slymen, PhD, Caroline A. Macera, PhD, for the Millennium Cohort Study Team

ackground: The stress of military deployment may compound occupational stress experienced in the
military and manifest in maladaptive coping behaviors such as cigarette smoking. The
current study describes new smoking among never-smokers, smoking recidivism among
past smokers, and change in daily smoking among smokers in relation to military
deployment.

ethods: The Millennium Cohort is a 21-year longitudinal study. The current analysis utilized
participants (N�48,304) who submitted baseline data (July 2001–June 2003) before the
current conflicts in Iraq and Afghanistan and follow-up data (June 2004–January 2006) on
health measures. New smoking was identified among baseline never-smokers, smoking
recidivism among baseline past smokers, and increased or decreased daily smoking among
baseline smokers. Analyses were conducted March 2007–April 2007.

esults: Among never-smokers, smoking initiation was identified in 1.3% of nondeployers and 2.3%
of deployers. Among past smokers, smoking resumption occurred in 28.7% of nondeploy-
ers and 39.4% of those who deployed. Smoking increased 44% among nondeployers and
57% among deployers. Those who deployed and reported combat exposures were at 1.6
times greater odds of initiating smoking among baseline never-smokers (95% CI�1.2, 2.3)
and at 1.3 times greater odds of resuming smoking among baseline past smokers when
compared to those who did not report combat exposures. Other deployment factors
independently associated with postdeployment smoking recidivism included deploying for
�9 months and deploying multiple times. Among those who smoked at baseline,
deployment was not associated with changes in daily amount smoked.

onclusions: Military deployment is associated with smoking initiation and, more strongly, with smoking
recidivism, particularly among those with prolonged deployments, multiple deployments,
or combat exposures. Prevention programs should focus on the prevention of smoking
relapse during or after deployment.
(Am J Prev Med 2008;xx(x):xxx) © 2008 Published by Elsevier Inc. on behalf of American Journal of
Preventive Medicine.
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moking is the leading preventable cause of death
in the U.S. More than 400,000 people die each
year due to smoking, with $167 billion spent in

nnual health-related economic losses.1 The long-term
ealth consequences are well established.2–4 In the
ilitary, where smoking rates are higher than in the
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iego; and the Graduate School of Public Health (Slymen, Macera),
an Diego State University, San Diego, California
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s
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ble, with details on the website.

m J Prev Med 2008;xx(x)
2008 Published by Elsevier Inc. on behalf of American Journal of Prev
eneral population,5,6 it is estimated that $130 million
s spent annually on excess training alone due to
mokers who are prematurely discharged.7 In addition,
moking has implications for military readiness, be-
ause service members who smoke have lower fitness
evels and are at greater risk for physical injury.8–10

nderstanding the factors that influence smoking
mong the more than 2 million young adults currently
erving in the military is of critical public health
mportance.

Smoking has been shown as a frequently reported
aladaptive coping mechanism among those reporting

hronic and acute stress.11,12 Individuals in stressful
ccupations have been shown to use tobacco at higher
ates than the general population.13,14 Occupational
tress related to serving in the military has also been
hown to be a strong predictor for both cigarette

moking and nicotine dependence.15,16 The stress of

10749-3797/08/$–see front matter
entive Medicine doi:10.1016/j.amepre.2008.07.009
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ilitary deployment may compound already high occu-

ational stress and manifest in different maladaptive
oping behaviors such as increases in the use of tobacco,
lcohol, and other drugs. U.S. Navy and Marine Corps
ersonnel exposed to violence prior to the current
onflicts were reported to be at twice the risk for
icotine dependence than those not exposed.15 In a
ross-sectional survey of U.S. troops deployed to Iraq
nd Afghanistan, nearly 40% smoked at least one half
ack of cigarettes per day, with nearly half of smokers
tating that they started or resumed smoking during
heir deployment.17 A survey of a small group of British

ilitary medical professionals reported similar findings
f increased smoking rates postdeployment among
onsmokers and increased daily cigarette intake among
mokers.18 All past studies have been done prior to the
urrent military conflicts15 or are limited by cross-
ectional design,17 the exclusion of nondeployers,17,18

r small sample sizes.18

To better understand cigarette smoking as a coping
echanism in response to the stress of military deploy-
ent, the current study prospectively investigated,

mong participants in a large, population-based mili-
ary cohort, changes in cigarette use including smoking
nitiation among never-smokers, smoking recidivism
mong past smokers, and changes in daily smoking
mong smokers. Additionally, cigarette use and its
elationship to extreme deployment lengths and mul-
iple deployments were investigated among those de-
loyed to Iraq and Afghanistan while adjusting for
otential confounders.

ethods

tudy Population

he study population consisted of participants in the Millen-
ium Cohort Study. Launched in 2001, this is the largest

ongitudinal study undertaken by the U.S. Department of
efense (DoD) to evaluate risk factors related to military

ervice that may be associated with long-term health conse-
uences. A detailed description of the methodology has been
eported elsewhere.19,20 In short, invited participants were
rawn from a stratified random sample of the 2.2 million U.S.
ilitary personnel in October 2000. Women, those with past

eployment experience, and Reserve and National Guard
embers were oversampled. There were 77,047 service mem-

ers who completed a baseline questionnaire between July
001 and June 2003; of these, 55,021 (71%) also completed a
ollow-up questionnaire between June 2004 and January 2006,
nd it is they who form the basis for the current study.
revious analyses have demonstrated that Millennium Cohort
articipants well represent the U.S. military, prior health did
ot influence response rates, and questionnaire data are
eliable.20–30

moking Data

he Millennium Cohort survey instrument contains questions

o assess lifetime cigarette-smoking habits. Participants were d

American Journal of Preventive Medicine, Volume xx, Num
lassified as never-smokers at baseline if they answered that
hey had never smoked at least 100 cigarettes (five packs) in
heir lifetime. Participants who answered yes but also indi-
ated that they had quit successfully were classified as past
mokers. Participants who answered yes to the lifetime-smoking
uestion but did not indicate that they had quit smoking
uccessfully were classified as smokers at baseline. At follow-
p, baseline never-smokers who responded yes to the lifetime-
moking question were considered new smokers, while base-
ine past smokers who at follow-up responded that they were
urrent smokers were considered to have resumed their
moking habit. The question When smoking, how many packs per
ay did you or do you smoke? (less than one half pack per day, one
alf to one pack per day, one to two packs per day, more than two
acks per day) was used to assess an increase or decrease in the
aily quantity of smoking among those defined as smokers at
aseline. Increase and decrease were measured by at least a
ne-level change in packs per day.

eployment Data

he U.S. DoD Manpower Data Center maintains data for
ll deployments. Deployment frequency was categorized as
1) no deployments to Iraq or Afghanistan on record up to
nd including the submission date of the follow-up question-
aire, (2) only one deployment on record prior to follow-up,
nd (3) more than one deployment, with the second deploy-
ent beginning prior to follow-up.
Cumulative time deployed was based on all deployments

rior to the follow-up questionnaire, from the first through
ast deployment. Extreme deployment experience was mea-
ured by whether a participant had any single deployment �9
onths or �1 month, or had any between-deployment inter-

al �1 month. Additionally, exposures reported at follow-up
ere used to assess combat experiences and were based on
ffirmative responses to questions about witnessing death,
rauma, injuries, prisoners of war, or refugees.

Deployment history prior to the current conflicts in Iraq
nd Afghanistan was also obtained based on specific contin-
ency operations, including the 1991 Gulf War, southwest
sia following the 1991 Gulf War until 2000, and Bosnia or
osovo from 1998 through 2000.

emographic and Other Covariate Data

n addition to demographic and occupational data (Table 1),31

ajor life events were assessed with questions based on the
ocial Readjustment Rating Scale.32,33 Participants were
sked to consider whether they had ever experienced the
ollowing life events: divorce or separation; major financial
roblems (such as bankruptcy); forced sexual relations or
exual assault; severe illness or the death of a family member
r loved one; or a disabling illness or injury. Each event was
cored and categorized into a comprehensive stressful life-
vents rating of low, moderate, or major.
To evaluate pre-existing mental health issues that could be

ssociated with the use of smoking as a maladaptive coping
echanism, a covariate was included to adjust for any one of

he following at baseline: physician-diagnosed depression,
chizophrenia, psychosis, manic-depressive disorder, or post-
raumatic stress disorder; or taking medication for anxiety,

epression, or stress.

ber x www.ajpm-online.net
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tatistical Analyses

he incidence of new smoking in baseline never-smokers and
he prevalence of resumed smoking in baseline past smokers
ere calculated. Univariate analyses were used to assess the

ignificance of unadjusted associations between deployment
nd smoking. Interactions were tested to determine whether
moking initiation and deployment frequency varied by gender,
ervice branch, or smoking at baseline. A manual backward-
limination approach was used to investigate confounding.
ariables that were not significant at ��0.05 but on removal
istorted the measure of effect by more than 15% were
etained in subsequent modeling. Multivariate logistic regres-
ions were used to compare the adjusted odds of new smoking
n never-smokers and resumed smoking in past smokers
mong those nondeployed, those deployed once, and those
eployed multiple times. Among smokers, multivariate poly-
hotomous logistic regression taking into account baseline
moking quantity was used to assess an increase or decrease in
aily smoking among those nondeployed, those deployed
nce, and those deployed multiple times. Multivariate ordinal
egression was attempted initially but abandoned due to a
iolation in the proportional odds assumption.

Analyses were conducted March 2007–April 2007 and com-
leted using SAS software version 9.1.3.

esults

here were 55,021 participants who completed both a
aseline and a follow-up questionnaire. Those who
ompleted a baseline questionnaire during or after
heir first deployment (n�2851); completed their follow-up
uestionnaire during deployment (n�1986); had miss-

ng covariate information (n�58); or were missing
moking information at baseline or follow-up (n�1822)
ere removed, leaving 48,304 available for analysis.
umulative length of deployment was highly collinear
ith deployment frequency and was removed from all
odeling. Interactions to test whether smoking initia-

able 1. Smoking habits of Millennium Cohort participants
2001–2003) and follow-up (2004–2006)

moking at baseline

Smokin

Never-smoker
n (%)

P
n

ondeployed
Never-smoker (n�21,913) 20,998 (95.8)
Past smoker (n�9534) 651 (6.8) 6
Smoker (n�5323) 130 (2.4)a

eployed once
Never-smoker (n�5012) 4,754 (94.9)
Past smoker (n�2035) 156 (7.7) 1
Smoker (n�1442) 24 (1.7)a

eployed multiple times
Never-smoker (n�1894) 1,791 (94.6)
Past smoker (n�700) 59 (8.4)
Smoker (n�451) 7 (1.6)a

Group was excluded from multivariate modeling
ion and deployment frequency varied by gender, ser- p

onth 2008
vice branch, or smoking at
baseline were not significant
(p-values �0.6).

Table 1 shows the transi-
tion in cigarette smoking
from baseline to follow-up
by deployment frequency.
Most participants’ habits
did not change (85.9%).
Of those who had never
smoked at baseline, 1.3% of
nondeployers and 2.3% of
deployers initiated smoking
by follow-up. Of those who
were past smokers at base-
line, 28.7% of nondeploy-
ers and 39.4% of those who
deployed once, and 40.3%
of those who deployed mul-
tiple times, had resumed

moking by follow-up. There were 826 baseline never-
mokers who at follow-up indicated that they were past
mokers. Although it is reasonable that an individual
ould begin smoking after baseline but quit prior to the
ollow-up survey, these individuals were removed from
he baseline never-smoker multivariate analysis because
f the uncertainty of the temporal relationship between
moking initiation and deployment. There were 161
mokers at baseline who answered no to the lifetime-
moking question at follow-up. To reduce any bias
hat may be due to misclassification, these individuals
ere removed from the baseline smoker multivariate
nalysis.
The majority of the cohort had not deployed to Iraq

r Afghanistan at the time they completed their follow-up
uestionnaire (n�36,770; 76.1%). There were 8489
ho deployed once (17.6%), while 3045 deployed
ultiple times (6.3%). Those who deployed more than

nce were proportionately more likely to be men, non-
ispanic white, in the Air Force, reporting combat expo-

ures, and to have had extreme deployment experiences,
ncluding deployment for a short duration (�1 month)
nd deployment for a long duration (�9 months; data
ot shown).
Baseline demographic, occupational, and deployment

haracteristics by cigarette smoking at baseline are de-
cribed in Table 2. Most participants had never smoked
n�27,993; 59.2%); 25.9% were past smokers (n�12,269);
4.9% were current smokers at baseline (n�7055). When
ompared with never-smokers, both past and current
mokers were proportionately more likely to be less edu-
ated, non-Hispanic white, enlisted, have a history of
oderate to major life stressors, and report a prior mental

ealth diagnosis or be taking medication for anxiety,
epression, or stress.
Among never-smokers at baseline, those who re-

8,304) at baseline

ollow-up

oker Smoker
n (%)

.8)a 293 (1.3)
4.4) 2740 (28.7)
0.0) 4659 (87.5)

.9)a 115 (2.3)
2.9) 802 (39.4)
.4) 1311 (90.9)

.2)a 42 (2.2)
1.3) 282 (40.3)
.8) 409 (90.7)
(N�4

g at f

ast sm
(%)

622 (2
143 (6
534 (1

143 (2
077 (5
107 (7

61 (3
359 (5

35 (7
orted combat exposures were at 1.6 times greater odds

Am J Prev Med 2008;xx(x) 3
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able 2. Baseline characteristics of Millennium Cohort participants by smoking habits at baseline (2001–2003)

haracteristic

Never-smoker
n�27,993
n (%)

Past smoker
n�12,269
n (%)

Current smoker
n�7055
n (%)

ender
Male 19,762 (70.6) 9,166 (74.7) 5214 (73.9)
Female 8,231 (29.4) 3,103 (25.3) 1841 (26.1)

irth year
Pre-1960 6,523 (23.3) 4,039 (32.9) 1469 (20.8)
1960–1969 11,898 (42.5) 4,732 (38.6) 2582 (36.6)
1970–1979 8,505 (30.4) 3,145 (25.6) 2529 (35.9)
1980 forward 1,067 (3.8) 353 (2.9) 475 (6.7)

ducation
�High school 1,210 (4.3) 723 (5.9) 616 (8.7)
High school diploma 9,143 (32.7) 4,874 (39.7) 3753 (53.2)
Some college 6,810 (24.3) 3,684 (30.0) 1967 (27.9)
Bachelor’s degree 6,584 (23.5) 1,940 (15.8) 543 (7.7)
Advanced degree 4,246 (15.2) 1,048 (8.5) 176 (2.5)
arital status
Currently married 18,590 (66.4) 8,795 (71.7) 4228 (59.9)
Never married 7,570 (27.0) 2,515 (20.5) 2182 (30.9)
No longer married 1,833 (6.6) 959 (7.8) 645 (9.1)

ace/ethnicity
Non-Hispanic white 18,408 (65.8) 9,491 (77.4) 5685 (80.6)
Non-Hispanic black 4,266 (15.2) 956 (7.8) 597 (8.5)
Asian/Pacific Islander 2,968 (10.6) 883 (7.2) 310 (4.4)
Hispanic 1,720 (6.1) 680 (5.5) 309 (4.4)
Other 631 (2.3) 259 (2.1) 153 (2.2)

ast mental health diagnosisa or taking medication for
anxiety, depression, or stress

No 25,983 (92.8) 10,934 (89.1) 6128 (86.9)
Yes 2,010 (7.2) 1,335 (10.9) 927 (13.1)

ife-stressors score
Low/mild 24,581 (87.8) 9,899 (80.7) 5463 (77.4)
Moderate 2,849 (10.2) 1,927 (15.7) 1263 (17.9)
Major 563 (2.0) 443 (3.6) 329 (4.7)
ilitary pay grade
Enlisted 18,094 (64.6) 9,607 (78.3) 6471 (91.7)
Officer 9,899 (35.4) 2,662 (21.7) 584 (8.3)

ervice component
Active duty 15,639 (55.9) 6,517 (53.1) 3958 (56.1)
Reserve/National Guard 12,354 (44.1) 5,752 (46.9) 3097 (43.9)

ranch of service
Army 13,010 (46.5) 5,813 (47.4) 3694 (52.4)
Air Force 8,567 (31.3) 3,613 (29.5) 1825 (25.9)
Navy/Coast Guard 5,015 (17.9) 2,321 (18.9) 1238 (17.6)
Marine Corps 1,212 (4.3) 522 (4.3) 298 (4.2)
ccupational category
Service and functional support 8,173 (29.2) 3,624 (29.5) 2072 (29.4)
Combat specialists 6,067 (21.7) 2,260 (18.4) 1176 (16.7)
Healthcare specialists 3,626 (13.0) 1,375 (11.2) 582 (8.3)
Other 10,127 (36.2) 5,010 (40.8) 3225 (45.7)

revious deploymentb

No 17,918 (64.0) 7,578 (61.8) 4345 (61.6)
Yes 10,075 (36.0) 4,691 (38.2) 2710 (38.4)

eployment
Nondeployed 21,291 (76.1) 9,534 (77.7) 5193 (73.6)
Deployed once 4,869 (17.4) 2,035 (16.6) 1418 (20.1)
Deployed multiple times 1,833 (6.6) 700 (5.7) 444 (6.3)

xtreme deployment <1 month
No 26,603 (95.0) 11,710 (95.4) 6744 (95.6)
Yes 1,390 (5.0) 559 (4.6) 311 (4.4)

xtreme deployment >9 months
No 26,856 (95.9) 11,779 (96.0) 6678 (94.7)
Yes 1,137 (4.1) 490 (4.0) 377 (5.3)
inimal time home (<1 month) before deploying again
No 27,809 (99.3) 12,213 (99.5) 7021 (99.5)
Yes 184 (0.7) 56 (0.5) 34 (0.5)
eployed with combat exposures
No 24,941 (89.1) 10,995 (89.6) 6116 (86.7)
Yes 3,052 (10.9) 1,274 (10.4) 939 (13.3)

Diagnosed with depression, schizophrenia or psychosis, manic depressive disorder, or posttraumatic stress disorder

Previous deployment includes deployment to the 1991 Gulf War, southwest Asia from 1991 through 2000, or Bosnia or Kosovo from 1998 through 2000.

American Journal of Preventive Medicine, Volume xx, Number x www.ajpm-online.net
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f initiating smoking postdeployment than those who
id not report such exposures (95% CI�1.2, 2.3; Table
). Experiences of deploying multiple times, for �1
onth, for �9 months, or being home �1 month

etween deployments were not significantly associated
ith smoking initiation. In addition to deployment
ariables, ORs were adjusted for gender, age, marital
tatus, race/ethnicity, prior mental health issues, pay
rade, service component, service branch, and previous
eployment history. Education, life-stressors score, and
ccupation were not significantly associated with smok-

ng initiation, nor were they confounders, and thus they
ere removed from the final model.
Among past smokers at baseline, those who deployed

nce between their baseline and follow-up surveys were
t 1.2 times greater odds of resuming smoking (95%
I�1.1, 1.4), while those who deployed multiple times
ere at 1.6 times greater odds of resuming smoking
95% CI�1.2, 1.9). Past smokers with a deployment
asting �9 months were at 1.3 times greater odds of
esuming smoking (95% CI�1.0, 1.6). Those who
eported combat exposures were at 1.3 times greater
dds of resuming smoking postdeployment than those
ho did not report such exposures (95% CI�1.1, 1.5).
eploying for �1 month and being home between
eployments for �1 month were not significantly asso-
iated with smoking recidivism. ORs were adjusted for
ender, age, education, marital status, prior mental
ealth issues, life-stressors score, and pay grade, as well
s the deployment variables. Race/ethnicity, service
omponent, service branch, occupation, and previous
eployment history were not significantly associated
ith smoking recidivism, nor were they confounders,

able 3. Adjusted odds of smoking postdeployment (2004–2
aseline (2001–2003), the Millennium Cohort Study

haracteristic

eployment
Deployed once/nondeployed
Deployed multiple times/nondeployed

xtreme deployment <1 month
Yes/no

xtreme deployment >9 months
Yes/no
inimal time home (<1 month) before deploying again
Yes/no
eployed with combat exposures
Yes/no

Odds of smoking initiation are adjusted for all variables listed in ad
ssues, pay grade, service component, service branch, and previous de
ignificantly associated with smoking initiation, nor were they confou
Odds of smoking recidivism are adjusted for all variables listed in ad
ife-stressors score, and pay grade. Race/ethnicity, service componen
ignificantly associated with smoking recidivism, nor were they confo
nd thus they were removed from the modeling. d

onth 2008
The percentage of new smoking among baseline
ever-smokers varied little with time from the end of

he most recent deployment to submission of the
ollow-up questionnaire (data not shown). While past
mokers resumed smoking at a higher rate, no discern-
ble decreasing pattern could be observed up to 12

onths postdeployment to suggest that past smokers
ho resumed smoking during deployment successfully
eturned to their nonsmoking status during this follow-up
eriod.
Among baseline smokers, 3724 (52.8%) smoked the

ame amount at follow-up as they reported at baseline;
559 (36.3%) smoked less; and 1117 (10.9%) smoked
ore. No deployment variables were significantly asso-

iated with a decrease or increase in quantity of smok-
ng after adjusting for gender, age, and service branch
Table 4). There were 235 baseline smokers removed
rom this analysis because they did not answer the
uestion regarding smoking quantity at follow-up.

iscussion

ver a period of 3 years, the prevalence of smoking
ncreased 48% in this study population. Smoking in-
reased 44% among nondeployers and 57% among
eployers. Among those who never had smoked prior
o deployment, the present study found that �2%
nitiated smoking postdeployment. While initiation
ates were relatively low, this represented a 71% increase
ver the initiation rate in nondeployers. In contrast to

nitiation, smoking recidivism was high (31%) among all
ast smokers. In this group, deployment was also predic-

ive of higher rates of resuming smoking. Recidivism in

in 27,993 never-smokers and 12,269 past smokers at

Smoking initiation
among never-smokers

Smoking recidivism
among past smokers

ORa 95% CI ORb 95% CI

1.03 0.75, 1.44 1.23 1.06, 1.41
1.36 0.86, 2.15 1.55 1.24, 1.93

0.90 0.56, 1.47 0.93 0.73, 1.17

1.29 0.88, 1.89 1.28 1.03, 1.59

0.52 0.12, 2.21 1.29 0.71, 2.34

1.63 1.15, 2.32 1.27 1.07, 1.51

to gender, age, marital status, race/ethnicity, prior mental health
ent history. Education, life-stressors score, and occupation were not
, and thus were removed from the final model.
to gender, age, education, marital status, prior mental health issues,

vice branch, occupation, and previous deployment history were not
s, and thus were removed from the final model.
006)

dition
ploym
nders

dition
eployers was 38% higher than in nondeployers.

Am J Prev Med 2008;xx(x) 5



b
n
d
l
n
p
R
i
i
i
b
s
p
c
r
I
u
i
m
m
r
t

s
w
i
b
t
d
i
o
y
t
l
w
w
i
p

m
t
c
q
m
m
T
o
c
c
t
3
a

T
e
n

g
l
n
a
w
D
s
b
h
b
8
w
t
t
t
c
r
m
t
w
i
T
s
n
a
o
a
s

T
M
w
s
i
i
s

cohor
he qu

6

ARTICLE  IN  PRESS

Smoking recidivism has

een strongly associated with
egative affect (e.g., anger,
istress, fear), with many

apses marked by intense
egative affect in the hours
receding the relapse.34,35

educing negative affect dur-
ng combat deployments is
mpractical; however, increas-
ng positive affect may not
e. Recent findings have
hown that an increase in
ositive affect through physi-
al exercise can reduce ciga-
ette cravings and relapse.36

ncreased positive affect thro-
gh physical exercise and

nterest-stimulating activities
ay also thwart some of the
ain reasons service members report that they start or

esumed smoking, which include boredom, social fac-
ors, and stress.18,37

The finding that nonsmokers initiate or reinitiate
moking behaviors during deployment is consistent
ith the suggestions of previous reports.17,18 Further,

ndividuals experiencing acute or chronic stress have
een described as more likely to smoke and less likely
o achieve successful abstinence.12 The current study
escribes a significant increased risk for smoking recid-

vism in deployers when compared to nondeployers
ver the same period (mean length of follow-up�2.7
ears) and documents an even stronger association in
hose who deployed multiple times. Single deployments
asting �9 months were also independently associated
ith smoking recidivism. The finding that individuals
ho reported combat exposures were at greater odds of

nitiating or resuming smoking is consistent with hy-
otheses about stress triggers for smoking.15

Among smokers, the current study found no deploy-
ent measures, including deployment frequency, ex-

reme deployments, and combat exposures, to be asso-
iated with an increase or decrease in daily smoking
uantity. This contrasts with a previous report docu-
enting increases in daily smoking among British
edical personnel who smoked during deployment.18

he difference may be due to population, study design,
r the duration of follow-up. It is possible that more
hanges in smoking occur among deployers but such
hanges are not sustained. Of interest is the observation
hat almost 10% of smokers quit smoking over the nearly
-year period of this study. Rates of quitting were lower
mong deployers (7.6%) than nondeployers (10.3%).

Limitations to these analyses should be mentioned.
he study population consists of a sample of respond-
rs to the Millennium Cohort questionnaire and may

Table 4. Adjusted odds of
smokers at baseline (2001–

Characteristic

Deployment
Deployed once/nondep
Deployed multiple times

Extreme deployment <1 m
Yes/no

Extreme deployment >9 m
Yes/no

Minimal time home (<1 m
deploying again

Yes/no
Deployed with combat exp

Yes/no
aDecreased and increased sm
self-reported at follow-up in c
bOdds of smoking are in refere
in addition to gender, birth
because they did not answer t
ot be representative of the U.S. military population in n

American Journal of Preventive Medicine, Volume xx, Num
eneral. Multiple metrics have been validated and very
ittle response bias has been identified among Millen-
ium Cohort participants but, by design, participants
re more likely to be older and include slightly more
omen than a random sample of current military.20–30

ue to the nature of the smoking questions on the
urvey, some illogical patterns were witnessed (i.e.,
aseline smokers who at follow-up indicated they never
ad smoked 100 cigarettes in their lifetime) that may
e indicative of some misclassification. Additionally,
26 never-smokers at baseline who indicated that they
ere past smokers at follow-up were also removed from

he analyses. While these individuals likely represent
hose who began smoking after baseline but quit by the
ime they completed their follow-up, they were ex-
luded because of the uncertainty of the temporal
elationship between smoking initiation and deploy-
ent. Were these individuals to more heavily represent

hose who began smoking postdeployment than those
ho began smoking pre-deployment, removing these

ndividuals would bias the findings toward the null.
his, in addition to the relatively small amount of new

moking in this population may, in part, explain the
onsignificant findings in the initiation model. Finally,
mong smokers, a change in smoking was dependent
n an increase or decrease of one half pack or more
nd prevented the current research from detecting
maller behavior changes in smoking quantity.

Despite these limitations, the study has several strengths.
he large population size, the longitudinal design of the
illennium Cohort Study, and the temporal sequence of
orld events have allowed for the prospective analysis of

moking pre-deployment and postdeployment while link-
ng to objective military data to assess the additional
mpact of multiple and extreme deployments. The robust
ample size allowed for ample power while considering

ge in daily smoking postdeployment (2004–2006) in 7055
), the Millennium Cohort Study

Decreased smokinga

AOR (95% CI)b
Increased smokinga

AOR (95% CI)

1.00 (0.84, 1.19) 1.01 (0.77, 1.33)
deployed 1.13 (0.86, 1.49) 0.99 (0.65, 1.53)

0.95 (0.71, 1.28) 1.06 (0.68, 1.65)
s

0.99 (0.76, 1.30) 0.98 (0.67, 1.42)
before

1.34 (0.64, 2.81) 0.84 (0.23, 3.01)
s

0.87 (0.71, 1.08) 1.22 (0.89, 1.67)

were measured by at least a one-level change in packs per day
ison with baseline self-report.
unchanged smoking quantity and are adjusted for all variables listed

t, and service branch. There were 235 baseline smokers removed
estion about smoking quantity at follow-up.
chan
2003

loyed
/non
onth

onth

onth)

osure

oking
ompar
nce to
umerous potential confounders.
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Smoking in the military has a long tradition and

emains a current public health challenge. The current
tudy found a significant increase in new smoking and
n extremely high rate of smoking relapse postdeploy-
ent. Long-term morbidity associated with smoking
akes prevention programs focused on this high-risk

opulation to be of critical public health importance.

his represents Report 07–24, supported by the Department
f Defense, under Work Unit No. 60002. The views expressed

n this article are those of the authors and do not reflect the
fficial policy or position of the Department of the Navy,
epartment of the Army, Department of the Air Force,
epartment of Defense, Department of Veterans Affairs, the
.S. Government, the University of California San Diego, or
an Diego State University. This research has been conducted
n compliance with all applicable federal regulations govern-
ng the protection of human subjects in research (Protocol
HRC.2000.007).
In addition to the authors, the Millennium Cohort Study

eam includes Paul J. Amoroso, MD, MPH, Madigan Army
edical Center, Tacoma WA; Edward J. Boyko, MD, MPH,

eattle Epidemiologic Research and Information Center, Veter-
ns Affairs Medical Center, Seattle WA; Gary D. Gackstetter,
VM, MPH, PhD, Uniformed Services University of the Health
ciences, Bethesda MD, and Analytic Services, Inc. (ANSER),
rlington VA; Gregory C. Gray, MD, MPH, College of Public
ealth, University of Iowa, Iowa City IA; Tomoko I. Hooper,
D, MPH, Uniformed Services University of the Health Sci-

nces, Bethesda MD; James R. Riddle, DVM, and Timothy Wells,
VM, MPH, PhD, Air Force Research Laboratory, Wright-
atterson Air Force Base, OH; and Tyler C. Smith, MS, Depart-
ent of Defense Center for Deployment Health Research at the
aval Health Research Center, San Diego CA.
We are indebted to the Millennium Cohort Study partici-

ants, without whom these analyses would not be possible. We
hank Scott L. Seggerman and Greg D. Boyd from the
efense Manpower Data Center, Seaside CA. We also thank

he professionals from the U.S. Army Medical Research and
ateriel Command, especially those from the Military Oper-

tional Medicine Research Program, Fort Detrick MD. Addi-
ionally, we thank Lacy Farnell; Gia Gumbs, MPH; Isabel
acobson, MPH; Cynthia A. LeardMann, MPH; Travis Leleu;
obert Reed, MS; Katherine Snell; Steven Spiegel; Damika
ebb; Kari Welch, MA; and James Whitmer from the Depart-
ent of Defense Center for Deployment Health Research

nd Michelle Stoia from the Naval Health Research Center,
an Diego CA. We appreciate the support of the Henry M.
ackson Foundation for the Advancement of Military Medi-
ine, Rockville MD.

No financial disclosures were reported by the authors of
his paper.

eferences
1. CDC. Annual smoking-attributable mortality, years of potential life lost, and

productivity losses—U.S., 1997–2001. MMWR 2005;54:625–8.
2. Jordan SJ, Whiteman DC, Purdie DM, Green AC, Webb PM. Does smoking

increase risk of ovarian cancer? A systematic review. Gynecol Oncol
2006;103:1122–9.
3. Sasco AJ, Secretan MB, Straif K. Tobacco smoking and cancer: a brief
review of recent epidemiological evidence. Lung Cancer 2004;45:S3–9.

onth 2008
4. Bain C, Feskanich D, Speizer FE, et al. Lung cancer rates in men and women
with comparable histories of smoking. J Natl Cancer Inst 2004;96:826–34.

5. Joseph AM, Muggli M, Pearson KC, Lando HA. The cigarette manufacturers’
efforts to promote tobacco to the U.S. military. Mil Med 2005;170:874–80.

6. Feigelman W. Cigarette smoking among former military service personnel:
a neglected social issue. Prev Med 1994;23:235–41.

7. Klesges RC, Haddock CK, Chang CF, Talcott GW, Lando HA. The association
of smoking and the cost of military training. Tob Control 2001;10:43–7.

8. Knapik JJ, Sharp MA, Canham-Chervak M, Hauret K, Patton JF, Jones BH.
Risk factors for training-related injuries among men and women in basic
combat training. Med Sci Sports Exerc 2001;33:946–54.

9. Hoad NA, Clay DN. Smoking impairs the response to a physical training
regime: a study of officer cadets. J R Army Med Corps 1992;138:115–7.

0. Conway TL, Woodruff SI, Hervig LK. Women’s smoking history prior to
entering the U.S. Navy: a prospective predictor of performance. Tob
Control 2007;16:79–84.

1. Acierno RA, Kilpatrick DG, Resnick HS, Saunders BE, Best CL. Violent
assault, posttraumatic stress disorder, and depression. Risk factors for
cigarette use among adult women. Behav Modif 1996;20:363–84.

2. Castro FG, Maddahian E, Newcomb MD, Bentler PM. A multivariate model
of the determinants of cigarette smoking among adolescents. J Health Soc
Behav 1987;28:273–89.

3. Smith DR, Devine S, Leggat PA, Ishitake T. Alcohol and tobacco consump-
tion among police officers. Kurume Med J 2005;52:63–5.

4. Jain NB, Hart JE, Smith TJ, Garshick E, Laden F. Smoking behavior in
trucking industry workers. Am J Ind Med 2006;49:1013–20.

5. Hourani LL, Yuan H, Bray RM, Vincus AA. Psychosocial correlates of
nicotine dependence among men and women in the U.S. naval services.
Addict Behav 1999;24:521–36.

6. Bray RM, Fairbank JA, Marsden ME. Stress and substance use among
military women and men. Am J Drug Alcohol Abuse 1999;25:239–56.

7. Sanders JW, Putnam SD, Frankart C, et al. Impact of illness and non-
combat injury during Operations Iraqi Freedom and Enduring Freedom
(Afghanistan). Am J Trop Med Hyg 2005;73:713–9.

8. Boos CJ, Croft AM. Smoking rates in the staff of a military field hospital
before and after wartime deployment. J R Soc Med 2004;97:20–2.

9. Gray GC, Chesbrough KB, Ryan MA, et al. The Millennium Cohort Study:
a 21-year prospective cohort study of 140,000 military personnel. Mil Med
2002;167:483–8.

0. Ryan MA, Smith TC, Smith B, et al. Millennium Cohort: enrollment begins
a 21-year contribution to understanding the impact of military service.
J Clin Epidemiol 2007;60:181–91.

1. Riddle JR, Smith TC, Smith B, et al. Millennium Cohort: the 2001–2003
baseline prevalence of mental disorders in the U.S. military. J Clin
Epidemiol 2007;60:192–201.

2. Smith TC, Zamorski M, Smith B, et al. The physical and mental health of
a large military cohort: baseline functional health status of the Millennium
Cohort. BMC Public Health 2007;7:340.

3. Chretien JP, Chu LK, Smith TC, Smith B, Ryan MA, for the Millennium
Cohort Study Team. Demographic and occupational predictors of early
response to a mailed invitation to enroll in a longitudinal health study.
BMC Med Res Methodol 2007;7:6.

4. Smith B, Smith TC, Gray GC, Ryan MA, for the Millennium Cohort Study Team.
When epidemiology meets the Internet: web-based surveys in the Millennium
Cohort Study. Am J Epidemiol 2007;166:1345–54.

5. Wells TS, Jacobson IG, Smith TC, et al. Prior health care utilization as a
potential determinant of enrollment in a 21-year prospective study; the
Millennium Cohort Study. Eur J Epidemiol 2008;23:79–87.

6. Smith TC, Smith B, Jacobson IG, Corbeil TE, Ryan MA, for the Millennium
Cohort Study Team. Reliability of standard health assessment instruments in a
large, population-based cohort study. Ann Epidemiol 2007;17:525–32.

7. Smith TC, Jacobson IG, Smith B, Hooper TI, Ryan MA, for the Millennium
Cohort Study Team. The occupational role of women in military service:
validation of occupation and prevalence of exposures in the Millennium
Cohort Study. Int J Environ Health Res 2007;17:271–84.

8. Smith B, Leard CA, Smith TC, Reed RJ, Ryan MA, for the Millennium
Cohort Study Team. Anthrax vaccination in the Millennium Cohort:
validation and measures of health. Am J Prev Med 2007;32:347–53.

9. LeardMann CA, Smith B, Smith TC, Wells TS, Ryan MA, for the Millen-
nium Cohort Study Team. Smallpox vaccination: comparison of self-
reported and electronic vaccine records in the Millennium Cohort Study.
Hum Vaccin 14 2007;3:245–51.

0. Smith B, Wingard DL, Ryan MA, Macera CA, Patterson TL, Slymen DJ. U.S.

military deployment during 2001–2006: comparison of subjective and

Am J Prev Med 2008;xx(x) 7



3

3

3

3

3

3

8

ARTICLE  IN  PRESS

objective data sources in a large prospective health study. Ann Epidemiol
2007;17:976–82.

1. DoD occupational conversion manual: enlisted/officer/civilian. Washing-
ton DC: Department of Defense, Office of the Assistant Secretary of
Defense, Force Management and Personnel, 1991.

2. Holmes TH, Rahe RH. The social readjustment rating scale. J Psychosom
Res 1967;11:213–8.

3. Hobson CJ, Kamen J, Szostek J, Nethercut CM, Tiedmann JW, Wojnarowicz S.

Stressful life events: a revision and update of the social readjustment rating
scale. Int J Stress Manag 1998;5:1–23.

3

American Journal of Preventive Medicine, Volume xx, Num
4. Kenford SL, Smith SS, Wetter DW, Jorenby DE, Fiore MC, Baker TB.
Predicting relapse back to smoking: contrasting affective and physical
models of dependence. J Consult Clin Psychol 2002;70:216–27.

5. Shiffman S. Dynamic influences on smoking relapse process. J Pers
2005;73:1715–48.

6. Taylor AH, Ussher MH, Faulkner G. The acute effects of exercise on
cigarette cravings, withdrawal symptoms, affect and smoking behaviour: a
systematic review. Addiction 2007;102:534–43.
7. Forgas LB, Meyer DM, Cohen ME. Tobacco use habits of naval personnel
during Desert Storm. Mil Med 1996;161:165–8.

ber x www.ajpm-online.net



REPORT DOCUMENTATION PAGE 

 

 

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other 
aspect of this collection of information, including suggestions for reducing the burden, to Washington Headquarters Services, Directorate for Information Operations and 
Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, Respondents should be aware that notwithstanding any other provision of law, no person 
shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB Control number.  PLEASE DO NOT RETURN 
YOUR FORM TO THE ABOVE ADDRESS. 

1. Report Date (DD MM YY) 
10/04/07 

T 2.  Report Type 
New 

3. DATES COVERED (from - to) 
   2001-2006 

4. TITLE AND SUBTITLE 
Cigarette Smoking and Military Deployment: A Prospective Evaluation 

6. AUTHORS  
Besa Smith, MPH; Margaret A. K. Ryan, MD, MPH; Deborah L. Wingard, PhD; Thomas 
L. Patterson, PhD; Donald J. Slymen, PhD; and Caroline A. Macera, PhD 

5a. Contract Number:     
5b. Grant Number:          
5c. Program Element:    
5d. Project Number:       
5e. Task Number:            
5f.  Work Unit Number:   60002 
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
     Naval Health Research Center 
     P.O. Box 85122 
     San Diego, CA 92186-5122 9.  PERFORMING ORGANIZATION REPORT 

NUMBER 

   Report No. 07-24 

10. Sponsor/Monitor's Acronyms(s) 
NMRC/NMSC 

8.  SPONSORING/MONITORING AGENCY NAMES(S) AND ADDRESS(ES) 
    Commanding Officer                         Commander 
    Naval Medical Research Center         Navy Medicine Support Command 
    503 Robert Grant Ave                        P.O. Box 240 
    Silver Spring, MD 20910-7500          Jacksonville, FL 33212-0140 

11. Sponsor/Monitor's Report Number(s) 
 

12  DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution is unlimited. 

13. SUPPLEMENTARY NOTES  
  Published in:  American Journal of Preventive Medicine, 2008, 35(6), 539-46 
14. ABSTRACT  (maximum 200 words) 

 
Context. Stress of military deployment may compound occupational stress experienced in the military and manifest in 

coping behaviors such as cigarette smoking. Recent reports suggest smoking is increasing among deployed personnel. 
Objective. To describe new or resumed smoking among nonsmokers and change in daily smoking among smokers, 

in relation to deployment in a large population-based military cohort. The effects of extreme deployment experiences were 
specifically examined. 

Design, Setting, and Participants. The Millennium Cohort is a 22-year longitudinal study. The current analysis uses 
participants (N = 48 378) who submitted baseline data (July 2001-June 2003) before the Global War on Terrorism 
(GWOT), and follow-up data (June 2004-January 2006) on health measures. 

Main Outcome Measure. New or resumed smoking among baseline nonsmokers. Increased or decreased daily 
smoking among baseline smokers. 

Results. There were 8504 (17.6%) who deployed once to GWOT and 3049 (6.3%) who deployed multiple times 
between baseline and follow-up assessments. Among never-smokers, smoking uptake was identified in 1.3% of 
nondeployers and 2.3% of those who deployed. Among past smokers, smoking resumption occurred in 28.7% of 
nondeployers and 39.6% of deployers. Smoking increased 43.8% among nondeployers and 55.6% among deployers. 
Past smokers were 35 times more likely to smoke at follow-up than never-smokers (odds ratio, 35.3; 95% confidence 
interval, 31.8-39.3). Other factors independently associated with postdeployment smoking uptake included deploying for 
longer than 9 months, deploying multiple times, and deploying with combat exposures. Among those who smoked at 
baseline, deployment was not associated with changes in daily smoking quantity. 

Military deployment is associated with smoking uptake, particularly among those with prolonged or multiple 
deployments, or combat exposures. The strongest predictor for smoking uptake was having been a smoker in the past. 
Prevention programs should focus on prevention of smoking relapse during or after deployment. 

15. SUBJECT TERMS 
chronic disease, health surveys, questionnaire, recall, validation studies 
16. SECURITY CLASSIFICATION OF: 19a. NAME OF RESPONSIBLE PERSON 

Commanding Officer a. REPORT 
UNCL 

b.ABSTRACT 
UNCL 

b. THIS PAGE 
UNCL 

17. LIMITATION 
OF ABSTRACT 

UNCL 

18. NUMBER 
OF PAGES 

8 
19b. TELEPHONE NUMBER (INCLUDING AREA CODE) 
COMM/DSN:  (619) 553-8429 

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18

 


	Cigarette Smoking and Military Deployment
	Introduction
	Methods
	Study Population
	Smoking Data
	Deployment Data
	Demographic and Other Covariate Data
	Statistical Analyses

	Results
	Discussion
	References

	07-24, Cover.pdf
	Naval Health Research Center


	07-24, SF298.pdf
	REPORT DOCUMENTATION PAGE
	New
	   2001-2006
	     P.O. Box 85122
	     San Diego, CA 92186-5122
	    Commanding Officer                         Commander
	10. Sponsor/Monitor's Acronyms(s)
	11. Sponsor/Monitor's Report Number(s)



